Plant pathogenic bacteria are recognized to be harmful microbes able to decrease the quantity and quality of crop production in the world. Punica granatum peel was screened for its potential use as biological control agent for plant pathogenic bacteria. P. granatum peel was successfully extract using n-hexane, methanol and ethyl acetate by maceration. The highest yield obtained by ethyl acetate showed that ethyl acetate extracted more compounds that readily soluble to methanol and n-hexane. For in-vitro antibacterial activity, three different species of plant pathogenic bacteria were used namely Erwinia carotovorum subsp. Carotovorum, Ralstonia solanacearum, and Xanthomonas gardneri. For all crude extracts, four different concentrations 25, 50, 100 and 200 mg/ml were used in cup-plate agar diffusion method. Streptomycin sulfate at concentration 30 µg/ml was used as positive control while each respective solvent used for peel extraction was used as negative control. The results obtained from in vitro studies showed only ethyl acetate extract possessed antibacterial activity tested on the plant pathogenic bacteria. Methanol and n-hexane did not show any antibacterial activity against plant pathogenic bacteria selected where no inhibition zones were recorded. R. solanacearum recorded the highest diameter of inhibition zones for all range of concentrations introduced followed by E. carotovorum subsp. Carotovorum and X. gardneri. For the minimum inhbitory concentration (MIC) and minimum bactericidal concentration (MBC), only the ethyl acetate extract was subjected to the assay as only ethyl acetate extract exhibited antibacterial activity. The minimum concentration of ethyl acetate extract that was able to inhibit plant pathogenic bacteria was recorded at a concentration of 3.12 mg/ml which inhibited R. solancearum and E. carotovorum subsp. Carotovorum, followed by X. gardneri at concentration 6.25 mg/ml. For the minimum bactericidal concentration (MBC), the results showed that at A. I. Khaleel et al.
Introduction
For several years now, plants and plant materials have been used as a source of medicinal agent and numerous natural products acquired from medicinal plants either as a crude extract or as purified products have been employed in disease control. Medicinal plant parts have been extensively used to extract raw drugs owing to possession of various medicinal properties. They constitute credible sources for a huge number of modern drugs, several of which are usually based on their traditional folk medicine. The World Health Organization (WHO) has stated that medicinal plants are the best source for obtaining a variety of therapeutic agents, and several medicinal plants have been employed as a source of medicine in daily life for treatment of various types of ailments globally [1] . Clinical microbiologists have greatly used medicinal plants for the screening of new therapeutic agents [2] . A great range of biotic molecules referred to as secondary metabolites are produced by plants [3] , thereby making them a rich source for diverse forms of medicine. Additionally, the primary advantage of using these naturally derived products include safety for human consumption, possess no harmful effects on the environment, and low cost is incurred in treating microbial infections when they are used [4] . In this study, Punica granatum were chosen as the antibacterial agent against plant pathogenic bacteria because these plants contain many biological activity potentials of being anti-diarrheal, antimicrobial, antimalarial, hepatoprotective effects, wound healing and many more. Punica granatum L. back to the family Punicaceae usually known as Pomegranate. It has just two species P. protopunica Balf and P. granatum Linn. Punica granatum is a plant or small tree with some upright, prickly stems, the leaves are roughly 2 × 1 inches, elliptic, flowers white or red, doubleflowered races being also known. P. granatum is reported to be used for many disease conditions in traditional medicine. Some of its reported uses include enhancement of semen formation, gastrointestinal problems, memory activation, boosting of hemoglobin. Various parts of the plant are active in the management of many diseases such as dyspepsia, leprosy, bronchitis and hypertension. The plant has also been used as an antispasmodic and anthelmintic. In Hausa land, the flowers are used as vermifuge. The fruit and bark have also been used in tanning in ancient times. The plant is reported to contain over 28% of Gallotannic acid and the alkaloid pelletierine, methypelletierine, isopelletierine, gallic acid, psuedopelletierine, calcium oxalate, tannic acid, sugar [5] . In addition, the main advantage of using these naturally derived products are that they are safe to human health, do not leave any harmful effects on the environment and incur little cost in counteracting microbial infections [4] . R. Solanacearum, X. gardneri, and E. caratovora sub.sp. caratovora are believed to be the most important plant pathogens that are becoming destructive when affecting particular crops that strengthen the agriculturist trust that these plant pathogenic bacteria cannot be left to spread widely amongst the valuable crops that will lead to severe crop and economic losses. All of these pathogenic bacteria have treated as early as possible before the whole crops are damaged. These pathogens started to be resilient towards the antibiotics, and chemical pesticide used, so the use of chemical pesticides and antibiotics in controlling these destructive plant pathogens seem to be less effective. To face this problem, the use of P. granatum L. peel extracts could be another successful method in controlling severe plant diseases. For that reason, the mean objective of this study was to determine the antibacterial activity of P. granatum L. peel extracts against plant pathogenic bacteria.
Materials and Methods

Bacteria Isolate
All plant pathogenic bacteria used in this study were obtained from University Protection, the Microbiology Laboratory. They are X. gardneri, R. Solanacearum, E. caratovora sub.sp. caratovora. The cultures were maintained on nutrient agar (NA) for continued viability.
Plant Materials
Fresh fruit of pomegranate (P. granatum L.) was collected from the local market. The fruit was washed with running tap water to remove dirt and insects from the peel surfaces and then separate the seeds from the peel and then dried in an oven at 50˚C for three days. Then crushed into the fine peel powder using a cross beater mill (SK100, Retsch) machine with sieving size 0.50 mm (SK100, Retsch). Three hundred gm. of P. granatum peel powder placed into three separate (2 L) volume conical flask labeled with n-hexane, methanol, and ethyl acetate. Tow liters each of n-hexane, methanol, and ethyl acetate were poured into different labeled flask. The flask was shaken gently to mix well the organic solvents with the peel powder and was left under fume chamber for two days with occasional shaking. The extracts were filtered through Whatman No.1 filter paper with an aid of aspirator (A-3S, Eyela) into three different clean flasks. The filtrates were then lyophilized using rotavapor. The dry extracts were then collected into a small beaker and labeled based on the organic solvents used. The extracts then were kept in chillers (Chill-300, Protech) at 4˚C for further use slight modification from [6] and [7] .
Antibacterial Activity of P. granatum Peels Extracts
The effects of P. granatum peel extracts on bacterial growth were measured by in vitro agar well diffusion assay according to the technique described by [8] with slight modification. 150 µl of standardized bacterial suspension with O.D. = 0.1 was spread over 20 mm thick Mueller Hinton Agar (MHA) with an L-shaped glass rod and left for 5 minutes to dry. Six wells with 0.6 mm diameter were. Each well was filled with 50 µl of extracts different concentration of 200, 100, 50 and 25 mg/ml. The other two empty wells were filled with 50 µl of Streptomycin sulfate (30 µg/ml) as a positive control and 50 µl of absolute methanol as a negative control. All plates were then incubated at 30˚C for 24 h and were done in three replicates. Measured with a ruler in millimeter (mm) the zones around the wells were will record as inhibition zone for extracts.
Statistical Analysis
Data analysis, all variables were subjected to normality test, and the results showed that all variables were normally distributed. To compare different concentration (treatment) data were analyzed by analysis of variance (ANOVA) based on CRD (completely randomized design) using SAS version 9.1. The mean comparison was done by Duncan Multiple Range Test (DMRT). The significant differences were considered significant at P < 0.05 [9] . The results of IC 50 and IC 90 values were calculated using probit analysis using Polo Plus Ver 2.
Minimal Inhibitory Concentration (MIC)
Minimal inhibitory concentration (MIC) determination, the lowest concentration (25 mg/ml) of the antibacterial activity that was still able to inhibit the bacteria was taken as the starting concentration for making dilution. Eleven test tubes labeled (T1-T11) were each filled with 1 ml Mueller-Hinton Broth (MHB) for each bacterial isolate. Two-fold serial dilutions (1:1) were made by filling in 1 ml of the extracts to the first test tube and vortexed to mix the solution well. After that take 1 ml of the solution from T1 was withdrawn and diluted into (T2)a second test tube and repeated the procedure until test tubes 10 (T10). 100 µl of the standardized bacterial suspension was then inserted into each test tube except for T10 that served as positive control (MHB + plant extracts only). The last test tube (T11) served as t h e negative control (MHB + bacteria suspension). Finally, 50 µl of 2,3,5-Triphenyltetrazolium chloride (TTC) was added to each test tube. All the test tubes were then incubated for 24 h at 30˚C. after that any test tube that did not change into red color was logged as the MIC.
Minimum Bactericidal Concentration (MBC)
The minimum bactericidal concentration value was determined by a subculture the test tubes from MIC essay that did not change into a red color, onto the sterile MHA plate. Then incubated overnight at 28˚C. The least concentration that presented no detectable growth on the agar plates was considered as the MBC value [10] .
Protocol for Phytochemical Screening
The phytochemical screening of P. granatum L. ethyl acetate peel extracts was done to find the presence of active chemical constituents such as Flavonoids, Alkaloids, Saponins, Tannins, Phenolic, and terpenoids. The phytochemical screening was done based on previous procedures published somewhere else [11] - [18] .
Results
In-vitro Antibacterial Activity of Punica granatum Peel Extracts
As the result shown, there was no antibacterial activity of Punica granatum methanol and n-hexane crude extracts detected against all species of plant pathogenic bacteria. The antibacterial activity of P. granatum L. ethyl acetate peel extracts was successfully evaluated in-vitro against three plant pathogenic bacteria. They are X. gardneri, R. Solanacearum, E. caratovora sub.sp. caratovora. These bacteria are known to cause a harmful effect on valued food crops. Table 1 and Figure 1 show inhibition zone diameter ranging from (8.50 ± 0.58 mm) to (22.75 ± 0.48 mm). As the positive control Streptomycin sulfate (30 µg/ml) showed inhibition towards three bacterial isolates ranging from (24.75 ± 0.48 mm) to (26.75 ± 0.48 mm). There was no inhibition recorded for all plant pathogenic bacteria when tested with absolute ethyl acetate as the negative control.
At the lowest concentration (25 mg/ml) of extracts used, the highest mean of inhibition zone was recorded for R. Solanacearum (13.0 ± 0.58 e mm), followed by then E. caratovora sub.sp. caratovora (9.5 ± 0.29 e ) and X. gardneri (each 8.5 ± 0.58 mm). At a concentration of 50 mg/ml, the lowest mean diameter inhibition zones were recorded for X. gardneri (12.5 ± 0.29 mm) followed by E. caratovora sub.sp. caratovora (13.50 ± 0.29 mm) 
Minimum Inhibitory Concentration (MIC)
The (MIC) all the tested bacterial isolates, the lowest concentration that still inhibited the plant pathogenic bacteria was at 3.125 mg/ml for R. Solanacearum followed by E. caratovora sub.sp. caratovora with the lowest concentration recorded at 3.125 mg/ml while X. gardneri with the lowest concentration recorded at 6.25 mg/ml. For MBC, The lowest concentration that showed no visible growth on the agar plates was considered the MBC value 25 mg/ml recorded for X. gardneri while concentration 12.5 mg/ml for R. Solanacearum and E. caratovora sub.sp. caratovora as shown in Table 2 and Figure 2 .
The results of IC 50 and IC 90 values were calculated using probit analysis using Polo plus Ver 2 and results indicated that the chi square test for all these three bacteria has significant heterogeneity in the test population ( Table 3 ). The highest IC 50 was observed for X. gardneri followed by E. carotovorum and R. solancearum. This results indicated the X. gardneri had the highest IC 90 . Figure 2 . Minimum inhibitory concentration (MIC) of Punica granatum L. ethyl acetate peel extract against X. gardneri (A), R. solancearum (B), E. carotovorum (C). (T1 = 25 mg/ml, T2 = 12.5 mg/ml, T3 = 6.25 mg/ml, T4 = 3.125 mg/ml, T5 = 1.563 mg/ml, T6 = 0.781 mg/ml, T7 = 0.391 mg/ml, T8 = 0.195 mg/ml, T9 = 0.098 mg/ml, T10 = positive control (MHB + plant extract), and T11 = Negative control (MHB + bacteria suspension). The results obtained from macro broth dilution technique using test tubes were transferred into microliter plate for the photography purpose.
Phytochemical Screening of P. granatum L. Ethyl Acetate Peel Extracts
The phytochemical screening of P. granatum L. ethyl acetate peel extracts the presence some major compound known as secondary metabolites determine, the results obtained were shown in Table 4 . It showed the positive results for the presence of alkaloid, saponin, phenol, tannin, flavonoid, terpenoid. As determined by the color change.
Discussion
P. granatum L. against plant pathogenic bacteria were effective against all plant pathogenic bacteria tested. This can probably replace the use of synthetic antibiotics as they can become resistance to the antibiotics when used. Most of the previous research P. granatum L. is reported to be used for many disease conditions in folktale medicine. Previous studies showed that some researchers like [19] - [21] stated that Punica granatum peel extracts in different concentrations were effective against streptococci strains (streptococci mutans; streptococci aureus; streptococci salivarius; streptococci sanguinis and streptococci epidermidis). It was confirmed that this antibacterial activity may be connected to the presence of polyphenolics and hydrolysable tannins in the pomegranate extract specifically gallagic acid and punicalagin [22] [23] . It means that the antimicrobial influence of tannins was linked to its toxicity and structure of molecular. Tannins may be a performance on the cell wall and across the cell membrane because they can precipitate proteins [23] [24]. They may also suppress many enzymes such as glycosyltransferases [21] and [20] demonstrated that gallic acid (a tannic acid) has the highest antibacterial effect against tested sensitive strains even at low concentrations. Hence, the antibacterial activity of Punica granatum may be related to polyphenol structures because polyphenols may affect the bacterial cell wall, inhibit enzymes by oxidized agents, interact with proteins and disturb coaggregation of microorganisms [20] [21]. This study proved that P. granatum Ethyl Acetate peel extracts can be industrialized as next antibacterial agents to control plant pathogenic bacteria as it was able to inhibit the growth of plant pathogenic bacteria. All bacteria sp. isolates gave good inhibition zones when tested with all range of concentration. Another study has reported that pomegranate extract inhibited Pseudomonas aeroginosa growth and had an interactive effect against bacteria resistant to the known antibiotics. Synergistic effects of methanolic pomegranate extract and chloramphenicol, gentamicin, ampicillin, tetracycline and oxacillin against Staphylococcus aureus is also reported by [25] . [26] reported that the antibacterial activity of peel extracts of pomegranate against both Gram positive and negative bacteria strains and mention MIC values ranging from 0.25 to 4.0 mg/ml against the tested bacteria. Also, he reported a two-fold MIC value against a Gram-positive bacterium (S. aureus) than against a Gram-negative bacterium (E. coli). The phytochemical screening of Punica granatum L ethyl acetate peel extracts, the results obtained were shown the positive results for the presence of flavonoid, alkaloid, saponin, terpenoid, phenol, tannin. Study for [27] reported that the pomegranate peel indicated the presence of Alkaloid, Tannins, Flavonoids, Saponins, Glycosides, Sterols, Resins, Volatile oils, Carbohydrates, Balsams, Terpenes, and Free-Reducing sugar. The presence of these metabolites suggests great possibilities for the plant as a source of useful phytomedicines. For instance, some alkaloids are known to be used as antimalarial agents [28] . Tannins too could show that it is a severe, help in wound healing and anti-parasitic. The presence of resins and flavonoids might be responsible its use as anti-inflammatory properties [29] . The presence of terpenes proposes it possible use as an antiviral and antitumor [30] . 
